known skull base technique of extradural complete removal of the ACP [8] [9] [10] [11] [12] it is possible to achieve aggressive resection while maintaining minimal morbidity and providing significant visual improvement in most patients with clinoidal meningiomas. 15 In 2001, the senior author of this article (J.H.L.) published his early experience in the treatment of 15 clinoidal tumors. 15 In that paper, a complete resection rate of 86.7% and visual function improvement rate of 75% were reported. In the present study, we present the extended followup data obtained in the initial 15 patients and also provide information acquired in 11 new patients (total of 26 patients who underwent surgery for clinoidal tumors [25 meningiomas, one hemangiopericytoma]). In most patients surgical management involved a skull base technique consisting of anterior clinoidectomy, optic canal unroofing, and optic sheath opening. Particular attention was paid to pre-and postoperative visual status, and this information is fully detailed in this article.
CLINICAL MATERIAL AND METHODS

Patient Characteristics
We performed a retrospective analysis of data obtained in 26 consecutive patients with clinoidal tumors (25 benign meningiomas and one hemangiopericytoma) in whom the senior author performed tumor excision at the Cleveland Clinic Foundation between June 1995 and January 2003. The first 15 patients treated in this series have been reported on previously. 15 Although hemangiopericytomas are now considered a pathological entity distinct from meningiomas, 16 they share similarities in clinical behavior and operative requirements. Therefore, one patient with a giant hemangiopericytoma was included in this series (Case 3 [ Table 2 ]).
In large tumors involving both the cavernous sinus and the clinoidal region, the exact site of origin (cavernous sinus compared with clinoidal), based on the basis of preoperative imaging studies or after intraoperative inspection and exploration, is often difficult to determine. Therefore, in this article, the cavernous sinus origin was assumed if more than two thirds of the tumor was intracavernous. Based on this parameter, meningiomas arosing primarily from the cavernous sinus were excluded. Furthermore, tumors extending to the clinoid region but originating in the tuberculum sellae, orbital roof, or middle or lateral sphenoid wing regions were excluded. Twenty tumors were entirely extracavernous in location, whereas six extended into the cavernous sinus. A skull base technique was performed in 24 patients and a standard pterional approach in the remaining two. Two patients had undergone previous operations for their clinoidal meningiomas (Cases 23 and 24 [ Table 2 ]) at outside institutions in 1991 and 1992, respectively. These patients required repeated surgical intervention when worsening vision and enlarging residual tumor were noted at recent follow-up evaluations. The patients ranged in age from 16 to 75 years (mean 54.6 years). The follow-up time ranged from 3 to 94 months (mean 43.3 months). There were 24 women and two men. Tumor size, defined as the greatest diameter in any single plane on preoperative MR imaging, ranged from 1 to 7.8 cm (mean 3.7 cm). Sixteen tumors were right sided, and 10 were left sided.
Fourteen of the 26 patients suffered significant visual deficits preoperatively. Among these 14 patients, 12 experienced unilateral visual impairment ipsilateral to the side of tumor. Two patients suffered contralateral visual impairment: one with mild homonymous visual field defect (Case 19) and the other with severe bilateral deficits (a hemifield defect with normal acuity on the side ipsilateral to the tumor and finger counting deficit on the contralateral side due to extensive papilledema caused by a 7.8-cm hemangiopericytoma [Case 3]). Eleven of the 14 patients with preoperative visual impairment presented with deterioration in both visual fields and visual acuity, and the other three had visual field deficits only. A summary of clinical characteristics is presented in Table 2 . All patients underwent detailed pre-and postoperative evaluation of visual function by ophthalmologists. Presenting symptoms and signs are summarized in Table 3 .
Surgical Technique
The steps involved in the skull base technique, well described previously, are undertaken in the following sequence: 1) frontotemporal craniotomy; 2) sphenoid ridge drilling; 3) limited posterior orbitotomy; 4) posterolateral orbital wall removal (or osseous decompression of the superior orbital fissure); 5) optic canal unroofing; 6) extradural complete anterior clinoidectomy, and 7) optic nerve sheath opening (Fig. 1) . 9, 13, 26 After induction of general anesthesia, the patient is placed supine, with the head rotated 30°toward the side S. Tobias, et al. contralateral to the tumor and held in position by a Mayfield headholder. The scalp incision is a standard curvilinear frontotemporal cut initiated 1 cm anterior to the tragus, extending superiorly, then curving anteriorly to the midline just to the limit of the hairline. The skin flap and the underlying temporalis muscle/fascia are elevated and reflected anteriorly as separate layers. A frontotemporal craniotomy is performed with a 2-cm extension into the frontal bone just above the superior orbital rim. The sphenoid ridge and lesser wing are drilled off; a limited posterior orbitotomy, decompression of the superior orbital fissure, and unroofing of the optic canal are then performed. While drilling to unroof the optic canal, one must be careful to avoid entering the ethmoid or sphenoid sinus. The extradural anterior clinoidectomy is completed by fracturing its remaining attachment to the optic strut. The dura is opened in a semicircular fashion from the frontal to temporal regions. A second dural incision is made bisecting the dural flap, with the incision toward the falciform ligament. The dural incision is continued from the falciform ligament along the length of the exposed optic nerve sheath within the optic canal, extending to the anulus of Zinn. Although the tumor may completely cover and circumscribe the intradural optic nerve and ICA, the former within the optic canal is completely exposed, and the nerve can be followed into the tumor while the tumor is safely resected in a piecemeal fashion. Reducing the tumor bulk around the optic nerve facilitates dissection of the tumor off the optic nerve. There is usually an arachnoid plane preserved between the tumor and the surrounding critical neurovasculature such as the optic nerve and ICA. The remainder of the tumor circumscribing or displacing the optic nerve, ICA, and their branches, and the oculomotor nerve are removed through the interoptic, opticocarotid, and caroticooculomotor triangles. Frequently, the meningioma extends into the cavernous sinus by following the oculomotor nerve through the porous oculomotoris. The dural fold around the porous oculomotorius is opened completely to allow decompression of the oculomotor nerve, and the cavernous sinus may be explored if the tumor is soft and amenable to extirpation. If the cavernous sinus involvement is extensive and the tumor is fibrous, surgery is stopped after confirmation of the following: 1) gross-total resection of the intradural
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Surgery for clinoidal meningiomas 3 extracavernous portion of the tumor and removal of any accessible tumor-involved dura; 2) decompression of the optic nerve; and 3) decompression of the oculomotor nerve. The dura is closed using interrupted sutures and the dural defect repaired using commercially available synthetic dural graft.
RESULTS
Extent of Resection
In 20 (77%) of the 26 patients the tumors were completely resected. Total resection was defined as Simpson Grade I or II removal, 23 confirmed by postoperative MR imaging with and without Gd (Fig. 2) . Subtotal resection was conducted because of extensive cavernous sinus involvement in five patients in two of whom prior partial resections had caused intense scarring around the ICA and in one of whom the lesion involved the distal carotid dural ring, which was resected except its involved base (Fig. 3) .
Neurological Outcome and Complications
No deaths occurred in this series. Except in one patient with a 7.8-cm hemangiopericytoma, who experienced mild hemiparesis secondary to severe postoperative cerebral edema, no permanent neurological deficits were demonstrated. The same patient developed postoperative hydrocephalus requiring placement of a ventriculoperitoneal shunt. In one patient meningitis developed after surgery, but there were no permanent sequelae. New-onset postoperative focal motor seizures developed in one patient and were well controlled by medical therapy. One patient required placement of an inferior vena cava filter for DVT in his distal superficial femoral vein. Two patients suffered transient diplopia, one due to trochlear nerve paresis and the other due to oculomotor nerve partial palsy associated with mild ptosis (Table 4) . There was no case of cerebrospinal fluid rhinorrhea.
Visual Outcome
Visual outcome in the 14 patients with preoperative deficits is detailed in Fig. 4 . By strict vision-related criteria, an improvement in visual acuity is defined as a dou-S. Tobias, et al. The shaded area depicts the extent of skull base bone removal. The structures removed include the roof of optic canal and posterior orbit, ACP, and the middle and lateral sphenoid ridge. B: Appearance after completion of the skull base technique, exposing the optic nerve within the optic canal. The dotted lines represent the dural incision. The bisecting incision is made toward the exposed optic nerve within the optic canal, and the optic sheath is then opened distal to the anulus of Zinn. C: Tumor exposure after the skull base technique. With opening of the optic sheath, the optic nerve is identified and decompressed early during surgery, preventing intraoperative optic nerve injury. The exposed optic nerve is followed into the tumor while piecemeal tumor removal is continued. The ICA may be found just lateral to the intradural optic nerve. D: Tumor exposure after standard pterional craniotomy. The critical neurovasculatures (the optic nerve and ICA) are completely covered by the large tumor, making surgery difficult and risky. bling of the visual angle. When measuring visual acuity in Snellen equivalents, an example of doubling of the visual angle would be an improvement from 20/40 to 20/20 vision. In other words, a halving of the denominator represents a doubling of the visual angle. All of the visual acuity data represent the best corrected acuity. The criteria for visual field improvement are not as well defined as criteria for visual acuity. Generally, an improvement in the overall decibel sensitivity of greater than 2 dB is significant if the overall decibel depression is 10 dB or less. In individuals whose overall depression is more than 20 dB, a fluctuation of 5 to 10 dB may not constitute a significant change. By the aforementioned visual acuity or visual field criteria, overall visual improvement was observed in 10 (71%) of the 14 patients. Five patients experienced complete recovery to normal vision, whereas the remaining five patients exhibited significant improvement. Visual function in four patients remained unchanged. No patient in this series experienced postoperative visual deterioration.
Tumor Recurrence
None of the 25 benign meningiomas recurred or progressed after resection during a mean follow-up period of 42.3 months. In the patient (Case 3) harboring a hemangiopericytoma treated initially by a two-stage total resection to accommodate its large size, recurrence was demonstrated 19 months after surgery. He then underwent intensity-modulated radiotherapy for a small recurrent tumor. Postirradiation MR images obtained 10 months after treatment revealed no tumor, and at most recent follow up 50 months after radiotherapy there was no evidence of tumor recurrence.
DISCUSSION
Skull Base Technique and Outcome
For large clinoidal meningiomas compressing the optic nerve or circumscribing the optic nerve and ICA, the skull base technique undertaken in this series provides important advantages that lead to an improved total resection rate (77%) and an enhanced visual outcome rate (71%). Most importantly, this skull base technique allows for early localization, exposure, and decompression of the optic nerve and ICA. 13 In cases of large tumors encasing the optic nerve and the ICA, traditional teaching advocated in the neurosurgical literature and textbooks requires, first, the identification of the distal middle cerebral artery branches and, second, the following of these vessels proximally toward the ICA trunk during gradual tumor removal. 2, 3, 7, 14, 17, 22 Until the ICA and, eventually, the intradural optic nerve are located, however, surgery progresses slowly. The risk of intraoperative neurovascular injury persists because the exact locations of the optic nerve and ICA remain unknown to the surgeon, and the optic nerve remains compressed. During this time, any minor surgeryinduced trauma caused by retraction, dissection, or tumor manipulation may cause further optic nerve compression, especially against the falciform ligament. In contrast, by performing the skull base technique described in this report, the optic nerve within the optic canal is exposed early, prior to tumor exposure. Therefore, the surgeon knows the precise location of the optic nerve, and its canalicular segment can be followed intradurally directly into the tumor. Simultaneously, by opening the falciform ligament,
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Surgery for clinoidal meningiomas which is the most common anatomical culprit leading to visual deterioration by causing focal circumferential pressure on the optic nerve, the optic nerve is fully decompressed. Intradurally, as tumor resection progresses, the ICA can be readily found adjacent to the exposed distal intradural segment of the optic nerve.
Additional advantages of this skull base technique include expansion of various operative windows that in turn results in improved access to difficult locations, especially when there is tumor extension into the sella, cavernous sinus, optic canal, orbital apex, or infraoptic and subchiasmatic regions. 13 In patients with large tumors, the infraoptic and subchiasmatic regions can be difficult and dangerous to reach, especially in cases involving a prefixed chiasm. The most important and widely used operative window for tumors in these locations is the opticocarotid triangle. We previously demonstrated in cadavers that the width of the opticocarotid triangle can be dramatically enlarged as much as three-to fourfold by complete anterior clinoidectomy. 13 Improved surgical access provided by the skull base technique allows for aggressive removal of tumors, involved bone, and surrounding dura. In young patients in whom the tumor significantly involves the surrounding dura and bone, such as the ACP and the orbital roof, the skull base technique facilitates aggressive removal (Simpson Grade 2 or even Grade 1 in some cases). Al-Mefty 2,3 also resected the ACP. He advocated anterior clinoidectomy, however, performed without opening the optic sheath, mainly to permit aggressive excision of the involved bone and dura, not for early localization and decompression of the optic nerve as we presently recommend.
Visual Outcome
In the past views regarding postoperative visual recovery in patients with clinoidal meningiomas have been very pessimistic. 2, 3 Poor visual outcome was attributed to an ischemic mechanism of preoperative visual deterioration, and visual deficits were considered mostly irreversible. 2, 3, 7 In our experience, significant visual improvement occurred in 10 (71%) of 14 patients, and in five of these patients recovery to normal vision occurred. Our experience suggests, contrary to earlier opinions, that the preoperative visual impairment in most patients with clinoidal meningiomas is indeed reversible. There are at least three possible mechanisms of preoperative optic nerve injury: ischemia, mechanical compression, and demyelination. In actuality, it is likely that these three mechanisms act in combination such that compressive mechanical injury leads to small-vessel compromise and demyelination. The optic nerve made ischemic by compression may remain within an ischemic penumbra and may have significant potential for recovery after decompression. 1 Likewise, a partially demyelinated optic nerve may remyelinate itself after removal of causative compression and secondary ischemia. Assuming that there is no additional intraoperative trauma to the optic nerve, incomplete or no visual function recovery postoperatively may imply chronic, severe preoperative ischemic and/or profound irreversible compressive damage, as well as demyelination. We strongly believe that if the necessary steps are taken to achieve early localization and optic nerve decompression, at least the compressive injury can be reversed and potential additional intraoperative damage can be prevented, which ultimately leads to improved visual outcome.
1,15
Extent of Resection
Al-Mefty 2,3 identified three distinct groups of clinoidal a The visual fields could not be tested because of the patient's poor vision.
b The contralateral side, which was also affected preoperatively by the tumor, is not represented. The left-sided visual acuity remained unchanged at finger counting; visual field function could not be tested because of the patient's poor vision.
c Goldmann visual field evaluation was performed in place of the Humphrey examination because the patient harbored a central scotoma.
d This patient suffered a mild partial superior homonymous deficit preoperatively in the contralateral eye (right side), which resolved after surgery (right-sided visual field not shown).
e This patient suffered a fixed dense visual deficit due to resection performed by another surgeon 11 years previously; recent worsening was documented.
meningiomas on the basis of the site of tumor origin and the presence/absence of the arachnoidal plane between the tumor and the ICA-factors he observed to be important regarding to the surgical difficulty, resectability, and outcome. Group 1 tumors were those encasing and directly attaching to the ICA adventitia, without a definable arachnoidal plane between the tumor and ICA. In this group, total resection was not possible in any of the three patients. Group 2 consisted of tumors with a separate arachnoidal plane between the tumor and the ICA, which facilitated total removal in 19 of 19 patients. Group 3 tumors were those originating at the optic foramen, which resulted in total resection in two of two patients. We believe that Al-Mefty's Group 3 tumors were, as his own description implies, actually optic nerve sheath or optic foramen meningiomas, and not truly representative of clinoidal meningiomas. The Group 1 tumors, "with direct attachment to the [ICA] adventitia," were not encountered in our experience.
In our series, the two factors leading to subtotal resections (in six of 26 patients) were the involvement of the cavernous sinus in five patients, in two of whom prior surgery had caused intense scarring around the ICA, and involvement of the base of the distal carotid dural ring in the remaining patient. In patients who had not undergone prior surgery, direct tumor adherence precluding total resection was not encountered in our series.
CONCLUSIONS
For large tumors encasing the optic nerve and ICA, or for tumors causing preoperative visual impairment, the aforedescribed skull base technique may be extremely helpful in maximizing total resection and outcome. In most patients with clinoidal meningiomas, total resection and an excellent visual outcome may be achieved while the rate of surgery-induced morbidity is low.
